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(57) Abstract 

A vehicle occupant sensing apparatus (30) is provided for use with a vehicle having a seal (14). The vehicle occupant sensing 
apparatus includes a first range measurement system (31 ) for sensing a first distance from the first range measurement system towards a first 
area (17) of the seat, a second range measurement system (32) for sensing a second distance from the second range measurement system 
toward a second area (18) of (he seat and a controller (40). The controller includes operating means (41) for operating the first and second 
range measurement systems and determining means (44) for determining if an object is located on the seat In response to the Hist and 
second distances. In this way it can be determined if u child seat (62) is present on the seat of the associated vehicle and further whether 
it is a forward facing or rear facing child seat 



1 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


AlUinia 


ES 


Spain 


LS 


Lootlw 


SI 


Sloven to 


AM 


Armenia 


F1 


Finland 


JLT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


I ranee 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and HcrTfgovica 


GK 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BO- 


titrbkdot 


GH 


Ghana 


MG 


Madagascar 


TJ 


TajifceUan 


OK 


Belgium 


GN 


Guinea 


MX 


*rhe former Yugoslav 


TM 


Tmbneoiutn 


DF 


BurViiu F&M 


Gft 


Greece 




Republic of Maccdoda 


TR 


Tuttry 


BG 


Bulgaria 


HU 


Hungary 


Ml/ 


Mali 


TT 


Ttinidad md Tobago 


DJ 


Uenin 


LK 


Irelaad 


MM 


Mongolia 


UA 


IJirame 


UK 


Braxil 


a 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


is 


Iceland 


MYY 


Malawi 


US 


Uaitod States of America. 


CA 


Canada 


IT 


Italy 


MX 


Meaico 


uz 


Uibckotan 


CK 


Central African Republic 


JP 


Japan 


Nlf 


Niger 


VN 


Viel Run 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yagoabrvia 


CM 


Switzerland 


KG 


Kyrgyzsrin 


NO 


Norway 


ZW 


Zimbabwe 


a 


C&ed'lvoire 


KP 


Democratic People'a 


HZ 


New Zealand 






CM 


Cifttcraoo 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kauifcsiaa 


KO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DR 


Germany 


U 




SD 


Sudan 






UK 


Defuuik 


LK 


Sri Urdu 


5E 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/14083 



PCT7US98/17871 



VEHICLE OCCUPANT SENSING APPARATUS 

This invention pertains to an apparatus for an 
occupant restraint assembly, and more specifically to 
5 an apparatus for a vehicle occupant sensing apparatus. 
It is well known to provide occupant restraint 
assemblies for vehicles, such as passenger cars, to 
restrain an occupant during a crash. Typically, an 
occupant restraint assembly includes an airbag and an 
10 inflator for inflating the airbag. When a crash is 

sensed by some type of crash sensor, typically mounted 
to the vehicle, the airbag is deployed, that is 
inflated with a gas. The inflated airbag "hen 
restrains the motion of the occupant during the crash. 
15 Preferably, the airbag may be deployed at varying 

deployment conditions depending on the occupant's size 
and location. A properly positioned adult, for 
example, may require that the airbag be deployed at 
full or normal strength. When no occupant is present, 
20 it is typically better to prevent the airbag from 
deploying at all. 

Child seats are used to restrain smaller 
occupants, such as small children and infants. Child 
seats commonly come in two types, forward facing and 
25 rear facing. A forward facing child seat is a child 
seat in which both the child seat and the occupant 
within the child seat face toward the front of the 
vehicle. Similarly, a rear facing child seat is a 
child seat in which both the child seat and the 
30 occupant within the child seat face toward the back of 
the vehicle. It is currently an accepted standard 
that in cases where a rear facing child seat is 
present an associated airbag should not be deployed. 
In cases where a forward facing child seat is present 
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it may be desirable to deploy the airbag either at 
full strength or at a reduced strength. What is 
needed then, is a reliable apparatus and method for 
sensing the presence of a child seat and whether it is 
5 forward facing or rear facing. 

Ultrasonic devices transmit and receive waves 
having a frequency above the human ear's audible limit 
in order to sense the distance between an object and 
the ultrasonic device. In the field of occupant 

10 restraint assemblies, it is know to use ultrasonic 

devices to sense the distance between the ultrasonic 
device and an object; such as an occupant, positioned 
on the seat of a vehicle. Such ultrasonic devices are 
known to emit a clicking sound that may be considered 

15 annoying by vehicle occupants. Therefore, a method 
and apparatus for reducing or eliminating such 
clicking sounds is desirable. 

The present invention provides an apparatus for 
determining the presence of an object, such as an 

20 occupant, in a vehicle. It also determines the 

presence of a child seat and whether the child seat is 
forward facing or rear facing. In addition, the 
present invention provides an apparatus for reducing 
the clicking sounds known with the use of ultrasonic 

25 devices. 
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Brief Description of the Drawings 



FIGURE 1 is a schematic diagram of an occupant 
restraint assembly within a vehicle showing the 
5 vehicle occupant sensing apparatus cf this invention 
when no objects or occupants are present, 

FIGURE 2 is a schematic diagram similar to that 
shown in FIGURE 1 cur showing the vehicle occupant 
sensing apparatus of this invention with a rear facing 
10 child seat on the seat of the vehicle. 

FIGURE 3 is a schematic diagram similar to that 
shown in FIGURE 1 but showing the vehicle occupant 
sensing apparatus cf this invention with a forward 
facing child seat cn the seat of the vehicle. 
15 FIGURE 4 is a schematic diagram similar to that 

shown in FIGURE 1 but showing ultrasonic range 
measurement systems that include independent 
transmitters and receivers. 



20 shown in FIGURE 1 but showing the vehicle occupant 

sensing apparatus of this invention with an adult on 
the seat of the vehicle. 



showings are for purposes of illustrating a preferred 
embodiment of the invention only and not for purposes 
of limiting the same, FIGURE 1 shows the inside of a 
vehicle 10 with an occupant restraint assembly 20 that 
30 is equipped with the present invention, a vehicle 
occupant sensing apparatus 30. Although the 
embodiments shown herein concern the forward seat of a 
passenger car, it is to be understood that this 
invention is applicable to any seat in any vehicle and 



FIGURE 5 is a schematic diagram similar to that 



Detailed Description of the Invention 



25 



Referring now to the drawings wherein the 
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other applications as well- It should also be 
understood that the vehicle occupant sensing 



apparatus 30 of this invention works with any type of 
occupant restraint assembly such as an airbag or seat 
5 belt pretensioner or may be used without an occupant 
restraint assembly. The vehicle 10 includes an 
instrument panel 11, a base 12 and a top 13. The 
vehicle 10 also includes a seat 14 that has a seat 
cushion portion 15 and a backrest portion 16. The 

10 seat 14 is connected to the base 12 of the vehicle 10 
in any currently known manner. Thus, the vehicle 
occupant sensing apparatus 30 of this invention is 
applicable when the seat 14 is adjustably connected to 
the base 12. For example, the seat 14 can be moved 

15 along rails 24 as is commonly known. 

With continuing reference to FIGURE 1, the 
occupant restraint assembly 20 includes an airbag 21 
and an inflator 23 that is used to inflate the 
airbag 21. The airbag 21 in this exemplary embodiment 

20 is located within the instrument panel 11 of the 

vehicle 10. The precise operation of the airbag 21 
and the inflator 23 is known in this field and 
therefore will not be discussed in detail. 



25 vehicle occupant sensing apparatus 30 of this 

invention includes first and second range measurement 
systems 31, 32 and a controller 40. Preferably, but 
alternately, the vehicle occupant sensing apparatus 30 
also includes a third range measurement system 36. 

30 The first range measurement system 31 senses a first 

distance LI from the first range measurement system 31 
toward a first area 17 of the seat 14. Similarly, the 
second range measurement system 32 senses a second 
distance L2 from the second range measurement 



With continuing reference to FIGURE 1, the 
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system 32 toward a second area 18 of the seat 14 and 
the third range measurement system 36 senses a third 
distance L3 from the third range measurement system 36 
toward a third area 19 of the seat 14. It. the 
5 preferred embodiment, the first and seconc range 

measurement systems are located above the first and 
second areas 17, 18 of the seat cushion portion 15 of 
the seat 14 and the third range measurement system 36 
is located on the instrument panel 11 transverse to 

10 the back rest portion 16 of the seat 14. In other 

words, it is preferred that the first and second range 
measurement systems 31, 32 are used to determine 
distances in a substantially vertical direction and 
that the third range measurement system 36 is used to 

15 determine distances in a substantially horizontal 
direction . 

Still referring to FIGURE 1, the first, second 
and third range measurement systems 31, 32, 36 are 
interfaced with the controller 40. This is shown 

20 schematically by first, second and third measurement 

system interfaces 33, 34, 37. The controller 40 can be 
of any type chosen with sound engineering judgment 
that operates as discussed herein, such as an 
application specific integrated circuit {ASIC) , a 

25 microprocessor, a microcontroller, or a combination of 
suitable electronic components. The controller 40 
includes operating means 41 for operating the first, 
second and third range measurements systems 31, 32, 36 
and determining means 44 for determining if an object 

30 (not shown in FIGURE 1) is located on the seat 14 

based on the distances sensed by the first, second and 
third range measurements systems 31, 32, 36. When the 
occupant restraint assembly 20 is used with this 
invention, it is preferred that the controller 40 has 
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the capability to vary -he operation of the deployment 
of the airbag 21. Thus, a deployment interface 25 
operatively connects the controller 40 to the 
inflator 23. The operation of the occupant restrain- 
5 assembly 20 may be varied by any adjusting means 49 
known in this field 3uch as by disabling the 
inflator 23, varying the timing of the beginning of 
deployment, deploying mere than one inflator and/or 
venting the gas {not shown) from the inflator 23 prior 

10 to its entry in the airbag 21. In the preferred 

embodiment, a crash sensor 50 is operatively connecter: 
to the controller 40 via a crash sensor interface 51. 
The crash sensor 50 can be of any type currently kncwri 
in the technology used in sensing a crash and therefor 

15 the need to deploy the airbag 21. 

With reference now to FIGURES 1 and 4, the first, 
second, and third range measurement systems 31, 32, 26 
can be devices of any type chosen with sound 
engineering judgment such as infrared devices, 

20 microwave devices, radio wave generating devices and 

other types as well. In the preferred embodiment, the 
first, second, and third range measurement 
systems 31, 32, 36 comprise ultrasonic devices. The 
ultrasonic devices can be of any type chosen with 

25 sound engineering judgment but, in a prototype the 
devices employed, are Polaroid ultrasonic 
transducers/range modules, series 6500, 
part no. 615077. It is further preferred that the 
first, second and third range measurement 

30 systems, 31, 32, 36, shown in FIGURES 1-5, transmit 
waves that spread out into a conical pattern toward 
the seat 14 of the vehicle 10. The conical patterns 
are shown with dashed lines in the figures. In one 
embodiment of this invention, shown in FIGURE 1, the 
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first, second and third range measurement 
systems 31 r 32, 36 are ultrasonic devices that include 
a combination transmitter/receiver. This minimizes 
the number of components for this invention. However, 
5 in an alternate embodiment shown in FIGURE 4, first 
and second range measurement systems 81, 82* inciude 
independent transmitters 82, 85 respectively and 
receivers 83, 86 respectively. In all ether ways, the 
operation of the first and second range measurement 
10 systems 81, 84 of this embodiment operate as the first 
and second range measurement systems 31, 32 shown in 
FIGURE 1 and discussed above. 

Referring now to FIGURE 1, the operation of the 
vehicle occupant sensing apparatus 30 will first be 
15 discussed in general terms. Then, mere detail and 

examples will be provided below. Once the vehicle 10 
is started, the operating means 41 of zhe 
controller 40 causes the first, second and third range 
measurement systems, 31, 32, 36 to begin transmitting 
20 ultrasonic waves toward the seat 14 as described 
above. As the ultrasonic waves return, the first, 
second and third distances LI, L2, L3 between any 
object or occupant on the seat 14 and the first, 
second and third range measurement systems, 31, 32, 36 
25 can be sensed. The adjusting means 4 9 of the 

controller 40 can then adjust the occupant restraint 
assembly 20 accordingly in preparation for an 
impending crash should a crash be sensed by the crash 
sensor 50. In the preferred embodiment, the 
30 determining means 4 4 of the controller 40 includes 

third distance determining means 47 for determining if 
the third distance L3 is less than a predetermined 
value. The predetermined value can be any distance 
chosen with sound engineering judgment that would 
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establish that an object or an occupant is too close 
to the instrument panel 11 for the airbag 21 to be 
properly deployed. The exact predetermined value may 
vary buc for illustrative purposes cnly it may be, for 
5 example, 15 centimeters. 

Still referring tc FIGURE 1, in the preferred 
embodiment, the determining means 4 4 of the 
controller 40 also includes first and second distance 
determining means 45, 4 6 for determining if the first 

10 and second distances LI, L2 are within the range of an 
empty seat value and a head height value. The empty 
seat value can be any distance chosen with sound 
engineering judgment that would establish that the 
seat is empty, that is no object or occupant is 

15 present. The exact empty seat value will depend on 
the vehicle being used but for illustrative purposes 
only it may be, for example, 90 centimeters. 
Similarly, the head height value can be any distance 
chosen with sound engineering judgment that would 

20 establish that on object or an occupant is present and 
that if it is an occupant, the occupant is not a small 
child. This value is called a head height value 
because if an occupant is present, the head of the 
occupant would be sensed first. The exact head height 

25 value will depend on the vehicle being used but for 

illustrative purposes only it may be, for example, 60 
centimeters . 

With continuing reference to FIGURE 1, the 
operation of the vehicle occupant sensing apparatus 30 

30 will now be discussed in the case when no object or 

occupant is present on the seat 14 of the vehicle 10. 
Once the vehicle 10 is started, the operating means 41 
of the controller 40 causes the first, second and 
third range measurement systems, 31, 32, 36 to begin 
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transmitting ultrasonic waves toward -he seat 14. As 
the ultrasonic waves return, the firs*, second and 
third distances LI, L2, L3 are sensed. Ir. this case, 
the third distance determining means 47 would 
5 determine that the third distance L3 is not less than 
a predetermined value. In other words, no obiect or 
occupant is coo close to the instrument panel II for 
the airbag 21 to be properly deployed. The first and 
second distance determining means 45, 46 would 

10 determine that the first and second distances LI, L2 
are equal or greater than the empty seat value. In 
other words, no object or occupant is present. Thus, 
in this case, the adjusting means 49 would preferably 
disable the inflator 23 so that the airbag 21 cannot 

15 be deployed. There is no need to deploy the airbag 21 
when no occupant is present in the seat 14. 

With reference now to FIGURE 5, the operation of 
the vehicle occupant sensing apparatus 30 will now be 
discussed in the case when an occupant 61 that is an 

20 adult is present on the seat 14 of the vehicle 10. By 
adult it is meant any occupant that is of sufficient 
size to require the normal or full deployment strength 
for the airbag 21. Once the vehicle 10 is started, 
the operating means 41 of the controller 40 causes the 

25 first, second and third range measurement 

systems, 31, 32, 36 to begin transmitting ultrasonic 
waves toward the seat 14. As the ultrasonic waves 
return, the first, second and third distances LI {b) , 
L2 fb) , L3 (b) are sensed. In this case, the third 

30 distance determining means 47 would determine that the 
third distance L3(b] is not iess than a predetermined 
value. In other words, the occupant 61 is not too 
close to the instrument panel 11 for the airbag 21 to 
be properly deployed. The first distance determining 
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means 45 would determine that the first distance LI (b) 
is within the ranee of the enpty seat value and the 
head height value. The second distance determining 
means 46, on the other hand, would determine that the 
5 second distance L2 {b: is equal tc or less than the 
head height value. In other words, the first and 
second determining ~eans 45 f 4 6 would determine that 
the occupant 61 is present and positioned in a normal 
position, that is leaning against the back rest 

10 portion 16 of the seat 14. Thus, in this case, the 
adjusting means 49 would preferably adjust the 
occupant restraint assembly 20 sc that the airbag 21 
can be deployed at normal or full strength should 
deployment become necessary. It should be noted that 

15 the occupant 61 could be positioned more forwardly, 

that is toward the instrument panel 11, than shown in 
FIGURE. 5. This might occur if the occupant 61 was 
learning forward, for example. In this case, the 
first and second range measurement systems 31, 32 

20 would sense different distances and the first and 
second distance determining means 45, 4 6 would 
correspondingly determine that the occupant 61 was cut 
of a normal position. In addition, the third distance 
determining means 47 would likely determine that the 

25 third distance L3(b) is less than the predetermined 
value. For these reasons, the adjusting means 49 
would then preferably adjust the occupant restraint 
assembly 20 so that the airbag 21 could not be 
deployed or could be deployed according to only 

30 specific parameters. 

With reference now to FIGURE 2, the operation of 
the vehicle occupant sensing apparatus 30 will now be 
discussed in the case when an object 60 such as a 
child seat 62 that is rear facing is positioned on the 
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seat 14 of the vehicle 10. The child seat 62 may 
contain an occupant 61 that is an infant or sxall 
child. Once the vehicle 10 is started, the operating 
means 41 of the controller 40 causes the firs*:, second 
5 and third range measurement systems, 31 f 32, 36 zo 
begin transmitting ultrasonic waves toward the 
seat 14. As the ultrasonic waves return, the first, 
second and third distances LI (c) , L2(c) f L3(c) are 
sensed. In this case, the third distance determining 

10 means 47 would determine that the third distance L3(c) 
is not less than a predetermined value. In other 
words, the object 60 is not too close tc the 
instrument panel 11 for the airbag 21 to be properly- 
deployed. The first and second distance determining 

15 means 45, 46 would determine that both the first and 
second distances Ll(c), L2(c) are within the range of 
the empty seat value and the head height value. This 
is the condition that indicates a child seat nay be 
present, that is the seat 14 is not empty but an adult 

20 occupant is not present. To determine if the 

object 60 is in fact a child seat 62 and further to 
determine if the child seat 62 is forward or rear 
facing, it should be noted that child seats 62 
typically have first and second ends 63, 64 that have 

25 different heights. In particular for rear facing 
child seats, such as the child seat 62 shown in 
FIGURE 2, the first end 63 has a first height Hi that 
is greater than a second height H2 of the second 
end 64. This corresponds to the first distance Ll(c) 

30 being smaller than the second distance L2(c). Thus, 
it is preferred that the determining means 4 4 of the 
controller 40 determine a distance ratio equal to the 
first distance LI divided by the second distance L2 . 
If the distance ratio is less than 1, the first 
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distance LI (c) is less than the second distance L2(c) 
and therefore the first height HI f the first end 63 
of the child seat 62 is greater than the second 
height H2 of the second end 64 of the child seat 62. 
5 Thus, the child seat 62 is a rear facing child seat. 
In this case, the adjusting means 49 would then 
preferably disable the inflator 23 so that the 
airbag 21 could not be deployed. It should be noted 
that it does not matter if the first range measurement 

10 system 31 senses a distance from the head of the 

occupant 61 or the first end 63 of the child seat 62. 
The same determination would be made in either case. 
In addition, it should be noted that if the third 
distance determining means 47 determines that the 

15 third distance L3(c) is less than the predetermined 
value the adjusting means 49 would then preferably 
disable the inflator 23 so that the airbag 21 could 
not be deployed. 

With reference now to FIGURE 3, the operation of 

20 the vehicle occupant sensing apparatus 30 will now be 
discussed in the case when an object 60 such as a 
child seat 62 that is forward facing is positioned on 
the seat 14 of the vehicle 10, The child seat 62 may 
contain an occupant 61 that is an infant or small 

25 child. Once the vehicle 10 is started, the operating 
means 41 of the controller 40 causes the first, second 
and third range measurement systems, 31, 32, 36 to 
begin transmitting ultrasonic waves toward the 
seat 14. As the ultrasonic waves return, the first, 

30 second and third distances LI (d) , L2(d), L3 (d) are 

sensed. In this case, the third distance determining 
means 47 would determine that the third distance L3(c) 
is not less than a predetermined value. In other 
words, the object 60 is not too close to the 
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instrument panel 11 for the airbag 21 to be properly 
deployed. The first and second distance determining 
means 45, 46 would determine that both the first and 
second distances Li(d), L2 (d) are within the range of 
5 the empty seat value and the head height value. This, 
as noted above, is the condition that indicates a 
child seat may be present. To determine if the 
object 60 is in fact a child seat 62 and further to 
determine if the child seat 62 is forward or rear 

10 facing, it should be noted that for forward facing 
child seats, such as the child seat 62 shown in 
FIGURE 3, the first end 63 has a first height HI that 
is less than a second height H2 of the second end 64. 
This corresponds to the first distance LI (d) being 

15 greater than the second distance L2 (d) . Thus, as 
noted above, it is preferred that the determining 
means 44 of the controller 40 determine a distance 
ratio equal to the first distance LI divided by the 
second distance L2. If the distance ratio is greater 

20 than 1, the first distance Ll(d) is greater than the 
second distance L2(d) and therefore the first 
height HI of the first end 63 of the child seat 62 is 
less than the second height H2 of the second end 64 of 
the child seat 62. Thus, the child eat 62 is a 

25 forward facing child seat. In this case, the 

adjusting means 49 would then preferably adjust the 
occupant restraint assembly 20 so that the airbag 21 
would either not deploy or deploy at a reduced 
strength. 

30 With reference to FIGURE 5, the vehicle occupant 

sensing apparatus 30 will now be discussed with regard 
to its pulse rate of operation. In the preferred 
embodiment, the operating means 41 of the 
controller 40 includes first pulse rate operating 
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means 42 for operating the first, second and third 
range measurement systems 31, 32, 35 at first pulse 
rates TiA, T2A, T3A respectively and second pulse rate 
operating means 43 for operating the first, second and 
5 third range measurement systems 31, 32, 36 at second 
pulse rates TIB, T2B, T3B respectively. The operating 
means 41 can then switch from the first pulse rate 
operating means 42 to the second pulse rate operating 
means 43 in response to the first, second and third 

10 distances LI (b) , L2 (b) , L3 (b; sensed by the first, 

second and third range measurement systems 31, 32, 36. 
Thus, for example, once the vehicle 1C is started, the 
first pulse rate operating means 42 of the operating 
means 41 may cause the first, second and third range 

15 measurement systems, 31, 32, 36 to transmit waves 

toward the seat 14 at a pulse rate of 30 transmissions 
per minute, that is TIA = T2A = T3A = 30 transmissions 
per minute * After the determining means 44 has 
determined that the occupant 61 is in a normal 

20 position, it is then preferred that the operating 

means 41 switch to a less frequent operation. Thus, 
the operating means 41 may switch to the second pulse 
rate operating means 4 3 operating at second pulse 
rates of TIB = T2B = T3B = 12 transmissions per 

25 minute. Furthermore, in the ever." that the crash 

sensor 50 detects the occurrence of a crash, the pulse 
rates of all the range measurement systems may be 
increased. By reducing the pulse rates in this way 
not only are the annoying clicking sounds reduced but, 

30 energy use is better managed and useful life of the 

range measurement systems is prolonged. Of course the 
actual values for the first and second pulse rates 
TIA, T2A, T3A, TIB, T2B, T3B can be any chosen with 
sound engineering judgment. It may, for example, be 
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desirable for any or 11 the second pulse razes T13, 
T2B, T3B to be faster than any or all of the first 
pulse rates T1A, T2B, T3B. 

It will be apparent to those skilled in this 
5 technology that the above methods may incorporate 
changes and modifications. For example, though the 
vehicle occupant sensing apparatus 30 of this 
invention may work independently as described above, 
it may also be used in an overall sensing system that 
10 may include other sensing criteria such as seat belt 
tension, seat occupant weight, seat position and the 
like . 
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CLAIMS: 



1. A vehicle occupant sensing apparatus (30) for 
use with an associated vehicle having a seat (14) with 
5 first and second areas (17, 18), said vehicle occupant 
sensing apparatus comprising: 

(a) a first range measurement system (31) for 
sensing a first distance from said first range 
measurement system toward the first area of the seat; 
10 (b) a second range measurement system (32: for 

sensing a second distance from said second range 
measurement system toward the second area of zhe seat; 



15 for operating said first and second range measurement 
systems and determining means (44) for determining 
if an object is located on the seat in response to 
said first and second distances, said determining 
means also determining if the object is a child 

20 seat (62) . 

2. The vehicle occupant sensing apparatus (30) 
of claim 1 wherein said first and second range 
measurement systems (31, 32) are ultrasonic devices 
25 that include a combination transmitter /receiver . 



and, 



(c) a controller (40) having operating means (41) 



3. 



The vehicle occupant sensing apparatus !30) 
of claim 1 wherein said first and second 



30 



range measurement systems (31, 32) are 
ultrasonic devices that include independent 



transmitters and receivers. 



4. The vehicle occupant sensing apparatus (30) 
of claim 1 wherein said determining means (44) 
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comprises first distance determining means for 
determining if said first distance is within the range 
of an empty seat value and a head height value; and, 
second distance determining means for determining if 
said second distance is within the range of said er.pty 
seat value and said head height value. 

5. The vehicle occupant sensing apparatus (30} 
of claim 1 wherein said operating means (41) comprises 
first pulse rate operating means (42) for operative 
said first and second range measurement systems (31, 
32) at first pulse rates T1A and T2A respectively; 
and, second pulse rate operating means (43) for. 
operating said first and second range measurement 
systems at second pulse rates TIB and T2B 
respectively, said operating means selectively 
switching from said first pulse rate operating means 
to said second pulse rate operating means in response 
to said first and second distances as determined by 
said first pulse rate operating means. 

6. The vehicle occupant sensing apparatus (3C) 
of claim 1 wherein the associated vehicle has an 
instrument panel and the seat (14) has a seat cushion 
portion and a back rest portion, the seat cushion 
portion of the seat including the first and second 
areas (17, 18), the back rest portion of the seat 
having a third area (19), the second area being 
located forwardly of the first area, said vehicle 
occupant sensing apparatus further comprising a third 
range measurement system (36) for sensing a third 
distance from a third range measurement system toward 
the third area of the seat, said operating means [41) 
of said controller operating said third range 
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measurement system, said first and second range 
measurement systems (31, 32) being mounted above the 
seat cushion portion of the seat and said third range 
measurement system < 3 6 ) being mounted on zhe 
5 instrument panel transversely of said back rest 

portion of the seat, said second range measurement 
system being located forwardly of said first range 
measurement system. 

10 7 • The vehicle occupant sensing apparatus (30) 

of claim 6 wherein said first, second and third range 
measurement systems (31, 32, 36) are ultrasonic 
devices, said operating means (41) comprising: first 
pulse rate operating means (42) for operating said 

15 first, second and third range measurement systems at 
first pulse rates T1A, T2A and T3A respectively; and, 
second. pulse rate operating means (43) for operating 
said first, second and third range measurement systems 
at second pulse rates TIB, T2B and T3B respectively, 

20 

8. The vehicle occupant sensing apparatus (30) 
of claim 7 wherein said operating means (41} 
selectively switches from said first pulse rate 
operating means (42) to said second pulse rate 
25 operating means (43) in response to said first, second 
and third distances as determined by said first pulse 
rate operating means. 
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